The specificity of monoclonal antibody 2E5 for the alkaline phosphatase of Escherichia coli was studied against the alkaline phosphatases of 251 other bacterial strains. The organisms used included members of the six species of the genus Escherichia (E. coli, E. fergusonii, E. hermannii, E. blattae, E. vulneris, E . adecarboxylata), 41 species representing the family Enterobacteriaceae, and, in addition, Pseudomonas aeruginosa, Aeromonas spp., Plesiomonas shigelloides, Acinetobacter calcoaceticus, and Vibrio cholerae non-01. Three methods were used. An enzyme-linked immunosorbent assay was performed against 21U of alkaline phosphatase per ml; immunofluorescence against bacterial cells and Western blotting against periplasmic proteins were also used. All of our experiments demonstrated the high specificity of monoclonal antibody 2E5. This antibody recognized only E. coli (118 strains tested) and the four species of the genus Shigella (S. sonnei, S . flexneri, S . boydii, S . dysenteriae; 12 strains tested).
Since the description of hybridoma production by Kohler and Milstein in 1975 (14) , many monoclonal antibodies (MoAbs) have been produced against microorganisms. Some of these are now used for the detection of bacteria, such as Chlamydia trachomatis (29) , Legionella pneumophila (9), and group B Streptococcus (19) . The success of such antibodies is correlated with their high antigenic affinity and especially with their specificity, as established by enzymelinked immunosorbent assay (ELISA), immunofluorescence, or immunoblotting against a great number of various bacterial species.
Escherichia coli alkaline phosphatase was chosen to immunize BALB/c mice and to obtain specific antibodies. This enzyme protein is a dimer composed of two identical subunits. It is localized in the periplasmic space and at the cell surface of the gram-negative cell envelope in association with lipopolysaccharides (8, 17) . Studies of its immunological properties by immunoprecipitation or quantitative microcomplement fixation (6, 8) have demonstrated a protein sequence divergence between Escherichia coli and some other species of Enterobacteriaceae. Recently, we produced MoAbs against alkaline phosphatase of Escherichia coli (12) . In this paper, we describe the specificity of MoAb 2E5, which was studied by using the three techniques described above.
MATERIALS AND METHODS
Bacterial strains and alkaline phosphatase extraction. The 251 bacterial strains included in this study are listed in Table  1 . Cells were grown at 30°C for 18 h in phosphate limiting medium to derepress alkaline phosphatase synthesis, as described by Garen and Levinthal (11) . Bacteria were harvested, and alkaline phosphatase was released with other periplasmic proteins by heat treatment at 56°C in tris(hydroxymethy1)aminomethane (Tris) hydrochloride buffer (pH 8) as described by Tsuchido et al. (26) . Alkaline phosphatase activity was assayed with 0.2 mg of the substrate p-nitrophenyl phosphate per ml in 1 M Tris buffer (pH 8) at 400 nm.
MoAb 2E5 production. MoAb 2E5 was obtained from the fusion of SP20/Ag-14 myeloma cells and spleen cells from a * Corresponding author. mouse immunized with purified Escherichia coli ATCC 10536 alkaline phosphatase as described elsewhere (12).
Specificity testing of MoAb 2E5. (i) ELISA. Activated polyvinyl chloride microtitration plates (Nunc or Flow Laboratories) were coated with 100 pl of alkaline phosphatase (2 IU/ml) in phosphate-buffered saline (PBS; 0.05 M, pH 9.6) by incubating the preparation at 4°C for 18 h. The plates were washed three times with 200 pl of this buffer and were saturated by using 2% bovine serum albumin in PBS in the wells at 37°C for 1 h. After three washes with 200 pl of PBS containing 0.05% Tween 20, the plates were covered and stored at 4°C. The immune reaction was performed by adding 100 pl of MoAb 2E5 for 1 h at 37°C. Subsequently, the wells were washed three times with PBS containing 0.05% Tween 20 and then incubated with 100 r~.l of horseradish peroxidase-conjugated goat anti-mouse immunoglobulin (Institut Pasteur Production Laboratories), Peroxidase activity was detected colorimetrically by adding 0.04% 0-phenylenediamine in citrate-phosphate buffer (pH 5) supplemented with 0.006% hydrogen peroxide. The reaction was developed in the dark for 15 min at room temperature and stopped by adding 30 pl of 1.3 M H2S0,. Absorbance at 490 nm was measured with a micro-ELISA plate photometer (Autoreader MR600; Dynatech Laboratories, Inc.). Assays were carried out in duplicate. Negative controls (serum of nonimmunized BALB/c mice) and positive controls (serum of immunized BALB/c mice) were included in each test. Reactions were considered positive when the mean of replicate titrations was two times higher than the mean of negative controls. For some species (Escherichia hermannii, Escherichia vulneris, Enterobacter cloacae, Proteus vulgaris, Proteus penneri, Providencia rustigianii, Pvovidencia alcalifaciens, Yersinia pseudutuberculosis, Buttiauxella agrestis) no enzymatic activity was found after heat treatment or sonication. In these cases, the ELISA was performed by using periplasmic proteins (15 pg/ml).
(ii) Immunofluorescence assay. Indirect immunofluorescence was performed with MoAb 2E5 and fluorescein isothiocyanate-conjugated rabbit anti-mouse immunoglobulin (Institut Pasteur Production). The working dilutions of the MoAbs and the conjugate were determined by checkerboard titration. PBS (pH 7.6) was used to dilute the antibody and the conjugate. The MoAb and the conjugate were diluted +, Positive; -, negative; (-) , no alkaline phosphatase activity found, ELISA performed against periplasmic proteins extracted by heat treatment (26). (25 pl) of bacterial cultures were air dried and cold fixed on glass slides. The slides were washed three times with PBS before the addition of 25 pI of MoAb 2E5 and were incubated at 37°C for 30 min in a moist chamber. After washing with PBS, 25 pl of conjugate was added to each sample, and the slides were incubated for an additional 30 min. The slides were washed. Cover slips were mounted with glycerol-0.1 M Tris (pH 7.5) (9:l). Fluorescence was observed with a Leitz Orthoplan fluorescence microscope by using incident light (Leitz Laboratories).
Portions
(iii) Immunoblot analysis. Periplasmic proteins obtained by using the techniques described above were resolved by electrophoresis on slab gels (1.5 mm thick), using the method of Laemmli (15), with some modifications. A 7.5% acrylamide (BDH) resolving gel and a 4% stacking gel were used. The samples were prepared by mixing 1 part of protein (2 mg of protein per ml) with 1 part of the sample buffer (62.5 mM Tris hydrochloride [pH 6.81, 0.5% [wt/vol] bromophenol blue). Samples (20 pl) were applied to each gel lane. Electrophoresis was carried out at 20 mA per get (constant current) until the bromophenol blue tracking dye entered the separating gel, at which time the constant current was increased to 30 mA per gel. When a Western blot was performed, two gels were run in parallel. In the first alkaline phosphatase was revealed by p-nitrophenyl phosphate (10 mg/ml), and then proteins were stained with Coomassie brilliant blue and destained as described by Weber and Osborn (28) . Proteins were transferred electrophoretically from the second gel to nitrocellulose paper (Bio-Rad Laboratories) by using the method of Towbin et al. (25) . The nitrocellulose paper gel sandwich was electrophoresed overnight at a constant current of 200 mA at 10°C. Immunochemical staining was performed by first blocking the paper with 2% casein in Tris-buffered saline (TBS; 20 mM Tris hydrochloride, 500 mM NaCl, pH 7.5) for 45 min and then incubating it with MoAb 2E5 diluted 1:200 in 0.05% TBSTween. The nitrocellulose paper was then washed with TBS (three 15-min washes with 200 ml of buffer per wash) and was subsequently stained for 3 h with horseradish peroxidase-conjugated goat anti-mouse immunoglobulin diluted 1500 in 0.05% TBS-Tween. The nitrocellulose paper was washed as described above and developed in TBS containing 0.1% (wthol) diaminobenzidine and 0.015% (vol/vol) hydrogen peroxide for 30 min.
RESULTS AND DISCUSSION
MoAb 2E5 was tested against 251 gram-negative bacteria (Table l) VOL. 38. 1988 SPECIFICITY OF MoAb 205 bers of the genera Pseudomonas (Pseudomonas aeruginosa), Acinetobacter, Aeromonas, Plesiomonas, and Vihrio (Vibrio cholerae non-01). When we studied the specificity of MoAb 2E5 by using the indirect immunofluorescence technique and the ELISA, the only recognized species in the genus Escherichia was Escherichia coli; all of the Escherichia coli strains, independent of ongin, gave positive reactions with MoAb 2E5. Thus, all Escherichia coli strains produced alkaline phosphatase, and all had at the surface of this enzyme protein the epitope recognized by MoAb 2E5. This observation is consistent with the results of studies of bacterial alkaline phosphatase gene regulation (24, 30) in which alkaline phosphatase synthesis appeared independent of strain, source, strain serotypes, or virulence factors. A structural gene (phoA) and three regulatory genes (phoB, phoM, phoR) for alkaline phosphatase have been described, and only phoB mutants and phoR phoM double mutants do not produce this enzyme protein (27) . Such mutants were not observed among the 118 strains tested. Furthermore, alkaline phosphatase is antigenically conserved in Escherichia coli (6).
Escherichia fergusonii (lo), the species most closely related to Escherichia coli based on deoxyribonucleic acid (DNA)-DNA hybridization data (relative binding ratio range, 49 to 63%), was not recognized. Negative reactions were also obtained with Escherichia blattae (5), Escherichia vulneris (4), Escherichia hermannii (2), and Escherichia adecarboxylata, for which the creation of a new genus, Leclercia, has been proposed recently (13, 23) ; Escherichia adecarboxylata is more distantly related to Escherichia coli based on DNA-DNA hybridization data (relative binding ratio range, 30 to 40%). For all of the other species studied except Shigella species the reactions were negative. This interaction is not surprising. It is consistent with the phenotypic and genetic homology of these species with Escherichia coli. Using DNA-DNA hybridization, Brenner et al. (3) demonstrated that Shigella strains were indistinguishable from Escherichia coli strains.
Since the epitope recognized by the antibody might be present at the surface of proteins other than alkaline phosphatase, immunostaining was performed against native periplasmic proteins resolved after polyacrylamide gel electrophoresis. The results of these experiments are summarized in Table 1 and Fig. 1 . Our data confirmed the specificity of MoAb 2E5. This MoAb recognized only the alkaline phosphatases of Escherichia coli and Shigella species. Thus, after immunoblotting, four bands were stained. These represented active dimers of four isoenzymes because they hydrolyzed p-nitrophenyl phosphate. Native alkaline phosphatase behaves as several electrophoretically different molecular species when the material is subjected to starch or agar gel electrophoresis. Structural studies have focused on three prevalent isoenzymes (1, 16, 22) . The origin of isoenzymes 2 and 3 is the sequential cleavage of the N-terminal arginine residues of isoenzyme 1 by a protease (20, 22) . However, under various conditions such as a different growth medium, more than three bands have been observed in extracts (18, 22) . This phenomenon was observed in our study with Escherichia coli. The relative amounts of these different isoenzymes synthesized by Shigella sonnei were lower.
In conclusion, MoAb 2E5 is specific for the alkaline phosphatases of Escherichia coli and Shigella strains. This suggests that this MoAb may be used successfully to detect Escherichia coli directly in water or food (since it is considered a fecal indicator) and in clinical specimens (urine, spinal fluid, blood cultures). Immunofluorescence and enzyme immunocapture assays are presently being developed in our laboratory for the detection of Escherichia coli alkaline phosphatase in such specimens.
